A three-year rubella immunization programme is described in which 9,231 Edinburgh schoolgirls were screened for rubella antibodies. Of these girls 2,519 (27 3%) were found to have rubella HAI titres of < 32, and 2,258 were immunized with either Cendehill or RA27/3 rubella vaccine. Of those who were immunized, 99 % were found to have detectable HAI antibody two months later.
INTRODUCTION
Since the first isolation of rubella virus (Parkman, Buescher, and Artenstein, 1962; Weller and Neva, 1962) several serological tests of immunity to this virus have been developed. The widely used haemagglutination-inhibiting antibody (HAI) test (Stewart et al., 1967; Dold and Northrop, 1968) can measure long-term immunity to rubella in whole populations and in individual women of child-bearing age.
Epidemiological surveys have confirmed that rubella is endemic in most large communities, and this allows natural immunization to occur in up to 85% of the population by the age of 15 years: despite this high level of herd immunity, extensive outbreaks still occur which increase the risk of Formerly Registrar, Regional Virus Laboratory, City Hospital, Edinburgh. Present Address: Fellow in Community Medicine, South-Eastern Regional Hospital Board, 11 Drumsheugh Gardens, Edinburgh. infection in non-immune women of child-bearing age (Horstmann, 1971) .
The cultivation of strains of rubella virus has also made it possible to attenuate a number of these for use in vaccines. Much work has been done on vaccine development and the safety aspects of three particular strains, Cendehill (Martin du Pan, Huygelen, Peetermans, and Prinzie, 1968) , HPV-77 (Meyer, Parkman, and Panos, 1966) , and RA 27/3 (Plotkin, Farquhar, Katz, and Ingalls, 1967) . All have been reported to fulfill McCarthy's criteria (McCarthy and Taylor-Robinson, 1967) and are now in use in different parts of the world. Studies of vaccinated persons one (Fogel, Moshkowitz, Rannon, and Gerichter, 1971; Marshall et al., 1971) , two (Prinzie et al., 1969; Hillary, 1971) , and three (Meyer et al., 1969; Buser and Nicolas, 1971) years after immunization have shown that vaccineinduced antibody titres may continue to increase between two and 12 months following immunization (Fogel et al., 1971; Marshall et al., 1971) and that antibodies stimulated by vaccine strains are lost more rapidly than those acquired by natural rubella infection (Buser and Nicolas, 1971) . In one report further antibody follow-up studies are proposed but the numbers involved are small (Fogel et al., 1971) .
National policies for administration of rubella vaccines differ. In the United States of America an attempt is being made to prevent the spread of rubella virus in the community by widespread immunization of prepubertal children, that is, those most likely to introduce infection to a pregnant woman (Enders, 1970) . European policy concentrates on the future child-bearing population by extensive immunization of young adolescent girls through subcutaneous administration of Cendehill and RA 27/3 vaccine. The efficacy of this policy will depend largely on the length of time that artificially induced immunity to rubella can persist. Marshall and his colleagues (1971) (1) at social reunions in the girls' old schools; (2) at evening sessions in a central Edinburgh clinic; (3) by home visits, where necessary; (4) by contacting out-of-town general practitioners.
It is hoped that at least 50 % of both main groups of girls will remain in the programme until the age of 35.
MATERIALS AND METHOD COLLECTION AND PREPARATION OF SERA
For screening and post-vaccination tests approximately 0-2 ml of whole blood was collected into Libelled glass agglutination tubes (2 x 1j in) from a thumb prick. Serum, 0-1 ml, was removed from each tube after centrifugation at 2,000 rev/min for 10 minutes and mixed with 0*3 ml of dextrose gelatin veronal buffer (DGV) containing manganous chloride and heparin (Dold and Northrop, 1968 (Table II) .
Seventy-three per cent of girls were found to have adequate naturally acquired HAI antibody titres ranging from 32 to > 256. Of the initially seronegative and low positive immunized girls, only 17 (< 1 %) had not developed detectable antibodies by two months after administration of vaccine strains of rubella (Table III) antibody response; they were considered to be immune. Ten girls had no postimmunization blood test; one had died in an accident and nine could not be traced.
Severe side effects were not common (Table IV) , but one-fifth of the girls reported mild symptoms at one to three weeks which they themselves attributed to immunization. A small number of immediate 'reactions' to subcutaneous immunization were also noted. These usually consisted of significant erythema of the upper arm, headache, nausea, and fainting.
One girl was later found to be pregnant at the time of her immunization but she aborted spontaneously. Another girl was diagnosed as having a cerebral tumour two weeks after immunization. Her stay in hospital was complicated by a maculopapular rash four weeks later when rubella HAI antibodiesand no others-were shown to be present. Her cerebral symptoms preceded immunization but had been minimal at that time. FIRST YEAR OF LONG-TERM FoLLOw-uI Of the girls born in 1956 1,072 have been enrolled in the long-term study. Of these, 479 (44%) had initially been susceptible to rubella and had been immunized with either the Cendehill vaccine (188 girls) or the RA 27/3 subcutaneous vaccine (291 girls). Forty girls (4%) with doubtful immunity were immunized with the same vaccines, 25 with the Cendehill and 15 with the RA 27/3. In addition, 17 (2 %) had no immunity but their parents refused the offer of vaccination, the girls remaining at risk. The number of girls with antibody acquired from natural infection with rubella was 536 (50%). Birthday cards and questionnaires have been sent to all girls in the study. At the end of the first year 1,032 girls (96%) remained in the study and, of these, 996 (97%) had replied to the initial communication or the first reminder. Of those who remained in the programme, 86 (8 %) had changed their address within the year.
A total of 40 girls (4%) were lost to the study by the end of the first year. Twenty could not be traced by our limited attempts because they had either gone abroad or had moved with no forwarding address; refusals were received from 14 girls, five failed to reply to eight letters, and one had died.
Since the beginning of the study no girls had reported clinical attacks of rubella and no babies had been born to the group of girls involved.
Sera were obtained from 1,031 of the girls one year after their inclusion in the study (Table V) . When they were tested in parallel with the previous finger-prick specimen, 958 (93 %) had HAI antibody titres that were either stable or within a twofold variation of each other. Forty-seven (5 %) girls showed a fourfold or greater increase in antibody titre in the latest serum sample, the titre in the previous specimen being consistent with the result obtained a year earlier; seven showed a fourfold or greater fall in titre under the same conditions. Of the 47 girls with raised titres, 27 (57%) were vaccinees and all seven of those whose titres had fallen had been vaccinated the previous year. Only 10 of the susceptible girls who refused rubella vaccination agreed to join the study. Eight of these girls remained negative but two had acquired immunity from later vaccination.
Of six girls who had been classed as vaccine failures, three had also developed measurable HAI antibody by the end of the first post-vaccination year. Two others remained seronegative and the sixth refused to take part in the long-term programme. Four girls who had previously had low antibody titres in their sera (two vaccinees and two with natural immunity) were found to have become seronegative.
DISCUSSION
By first screening all the girls, it was possible to reduce the number of those requiring immunization to 27%, a similar proportion to that found in Reading, England (Rowlands and Freestone, 1971) . This made it feasible to include a postimmunization blood test which detected the 17 who had no measurable antibody response and who might have erroneously assumed they were immune to rubella.
Girls with immunity due to natural rubella were shown to have higher mean antibody titres than those with antibody induced by rubella vaccine. It was confirmed that a history of clinical rubella was unreliable as a guide to rubella immunity (Just, Burgin-Wolff, and Ritzel, 1968) and that the incidence of severe side effects induced by immunization was low in girls of this age group (Marshall el al., 1971) .
Although the results of only the first year of the long-term study can be reported at present, the stability of rubella HAI antibody (Hillary, 1971) was confirmed by the fact that 93 % of the girls had antibody titres the same as, or within a twofold variation of, the titre found in a serum sample obtained a year earlier. The minor discrepancies of a twofold variation in both directions may, in part, be due to the fact that the previous sample of blood was obtained by a finger-prick and contained only approximately 0.1 ml of serum.
Rubella was known to be present in the community during the year between the taking of the two serum samples. The proportion of girls given RA 27/3 vaccine who showed a fourfold or greater rise in HAI antibody titre (2%) was less than that for the group with naturally induced immunity. It seemed probable that reinfection with a booster response (Horstmann, 1971) had occurred in both these groups.
It is difficult to know, in this first year after vaccination, whether the higher proportion of those given Cendehill vaccine who showed a fourfold or greater rise in antibody titre (10%) arose from a delayed reaction to their vaccination, as was described in previous reports (Fogel et al., 1971; Marshall et al., 1971) or from a greater susceptibility to reinfection (Horstmann, 1971) . The latter possibility would be consistent with the fact that those given the Cendehill vaccine originally had a lower mean antibody titre than those who received the RA 27/3 vaccine. All three groups of girls were sharing a similar environment, and the clinical history as reported was not helpful.
Although very few girls had lower antibody titres by the end of the first year of study, this was observed more often in those given RA 27/3 vaccine than in the groups with naturally acquired immunity or with immunity due to Cendehill vaccine. This suggested that the HAI antibody induced by the RA 27/3 vaccine had reached its peak at the time of the first post-vaccination blood test two months after vaccination, and that the titre in a few girls had subsequently begun to fall. Future antibody tests will show whether such a reduction in antibody titre is a continuous process, or whether it resembles natural infection, in which an initial fall in HAI titre in the first few months after infection is followed by a long period of time when the antibody titre remains relatively stable.
Cooperation with the schools was good despite the need for three visits each year. The cost of screening and selective immunization was about the same as the cost of mass immunization of all girls in this age group. This programme is being continued, with minor alterations, by the Edinburgh Local Authority School Health Service.
Because there is still uncertainty about the longterm value of rubella immunization (Horstmann, 1971) , a valuable feature is that the girls with artificially induced immunity can be identified should re-immunization or booster immunization be recommended.
The response to the 'birthday card' contact technique was better than expected, and it is hoped that at least half of these girls will maintain their interest in the project for the full 20 years, so that the continuing studies on this group of girls will show whether vaccination is as effective as the natural disease in protecting against rubella and against the congenital defects caused by infection in pregnancy. 
